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I. 0 Introduction

This report summarizes the work performed on the contract NAS1-19347, Task 18. The
contract NAS1-19347 Task 18 is an add on to the contract NAS1-19347, Task 14. Under

the Task 18 contract, Northrop Grumman Corporation was contracted by NASA Langley
to conduct pin bearing testing and fabricate two panels from composite materials that cure at
low temperatures. These materials are being incorporated into Unmanned Aerial Vehicles
(UAVs) to reduce manufacturing costs since it allows the use of low-cost tooling and
facilities. Two composite prepreg product forms were evaluated; MRS0/LTM25
unidirectional tape, batch 288 lvd and CFS003/LTM25 woven cloth, batch 2216.

Northrop Grumman fabricated, machined, and tested specimens to determine the bearing
strength in accordance with MIL-HDBK-17D, Volume 1, Section 7.2.4. Quasi-isotropic
laminates from the two product forms were fabricated for these tests.

Additional 2 quasi-isotropic panels of 12 inches by 28 inches were fabricated (one each
from the two product forms), inspected, and shipped to NASA for further evaluation. The
laminate panels sent to NASA are detailed in Table 1.

Method of manufacture and inspection were similar to that used for the contract NAS 1-
19347, Task 14 and they are documented in detail in the final report rifled "Property
Evaluation of LTM25 Composites". The C-scan inspection results are summarized in Table
2 which also includes C-scan results for the panels shipped to NASA.

2.0 Panel and Specimen Machining

One quasi-isotropic panel was fabricated form each product forms for double shear pin
bearing evaluation in accordance with MIL-HBBK-17D, Volume 1, Section 7.2.4. These
panels did not include tabs. The specimens were machined to Figure 1.

3.0 Environmental Conditioning

All specimens backdried in a vacuum oven for 5 days at 160°F. The specimens were
weighed before and after the backdry procedure. After backdrying, the -125°F and room
temperature specimens were stored at 0°F in moisture proof bags until testing was

performed.

The 180°F/wet specimens were moisture conditioned in a humidity chamber set at
160°F/98% R.H. Specimen moisture content was monitored by weighing the specimens.
While in moisture conditioning, the specimens and traveler specimens were weighed
frequently. The specimens were moisture conditioned until the moisture content target of
1% or higher was reached. After moisture conditioning, the 180°F/wet test specimens were
stored at 0°F in moisture proof bags until testing was performed.

4.0 Double Shear Pin Bearing Test Procedure

4.1 Test Procedure

The procedure used follows the recommendations of MIL-STD-1312-B/I'est Methods,
"Fasteners Test Methods, X. Mechanically Attached Composite Shear Joint". The test
specimens were not strain gaged. Each specimen was placed in the lower hydraulic grips of
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thetestframe. Theloadingblock with bushingswerehydraulicallygrippedin the upper
region.Then theloadingblock was loweredandtheits holeswerealignedto that of the
specimenand ST3M453-4-26bolt was insertedand finger tightenedwith a nut. The
temperatureon the surfaceof the -125°F and 180°F specimens was held for 10 minutes
prior to testing. All specimens were loaded in tension at a rate of 0.05 inch/minute until

failure. The load versus deflection were recorded. The test matrix for pin bearing tests is
shown in Table 3. The test setup for double shear pin bearing is shown in Figure 2.

4.2 Property Normalization

Normalization was conducted with respect to the measured ply thickness of each product
form. The per ply thickness was determined by averaging all the specimen thicknesses
tested in NAS1-19347 Task 14 for each product form. The per ply thicknesses were
calculated to be 0.00576 inch and 0.00904 inch for MR50/LTM25 and CFS003/LTM25,
respectively. These values were used to normalize some of the mechanical properties as
follows:

Normalized value = (Actual value) x (specimen thickness / nominal thickness)

5.0 Test Results

5.1 Pin Bearing Tests

A detailed test results of the pin bearing properties are shown in Tables 4, 5 and Figures 3
through 6. These tables show the results for individual tests, failure mode, any test
anomalies, and physical properties of the associated laminate from which the specimens
were machined. Generally, the results for both product forms are very consistent except
that the proportional limit load is higher that yield load at RTD for laminates made from

CFS003/LTM25 woven product form. The different failure modes observed in the pin
bearing tests are depicted in Figure 7. The load Displacement response of selected test
specimens are shown in Figure 8 through 13.

5.2 Physical Results

The results for the physical testing are shown in Table 35. The tape laminate fall within the
acceptable required values for resin content and fiber volume (RC 29% and FV 63%). The
resin content of the woven panel, however, was typically higher than the required value of
41%. Similarly, the fiber content of the woven panels was slightly lower than the required
value of 50%. Manufacturing proceeses for these material forms were similar to ones

practiced in NAS1-19347 Task 14 and nothing unusual was observed during
manufacturing to reflect on above discussion.
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TABLE 1. DESCRIPTION OF PANELS SHIPPED TO NASA.

PANEL DIMENSIONS NUMBER DEBULK

NUMBER MATERIAL (inches) LAYUP* OF PLIES PROCEDURE

21 MR50/LTM25TAPE 12 x 28 [45/0/-45/9012s 16 EVERYFoRFOUR15min.PLIES

22 CFS003/LTM25 EVERY FOUR PLIES
WOVEN 12 x 28 [45/0/-45/9012s 16 FOR 15 min.

* THE 0 ° DIRECTION IS PARALLEL TO THE LONG EDGE OF THE PANELS
F9 5 -C S/47

TABLE 2. SUMMARY OF ULTRASONIC INSPECTION RESULTS.

PANEL ASDL DIMENSIONS AVERAGE
MATERIAL

NUMBER NUMBER (inches) dB LOSS

19 10379 TAPE 1 17 x 33 12.65

20 10380 WOVEN 2 17 x 33 9.10

21 10381 TAPE 1 12 x 28 6.70

22 10382 WOVEN 2 12 x 28 7.90

NOTES; 1. MR50/LTM25 UNIDIRECTIONAL TAPE, BATCH 2881 vd
2. CFS003/LTM25 WOVEN CLOTH, BATCH 2216

F95-CS/46

TABLE 3. PIN BEARING TEST MATRIX FOR LTM25.

PRODUCT
FORM

TEST METHOD TEST REQUIREMENT

TEST CONDITION AND
NUMBER OF SPECIMENS

"125°FI RTD 18001=/
DRY WET

MIL-HDBK-17D PROPORTIONAL LIMIT,
TAPE VOL. 1, SEC. 7.2.4 YIELD AND ULTIMATE LOADS 6 6 6

MIL-HDBK-17D PROPORTIONAL LIMIT,
WOVEN VOL. 1, SEC. 7.2.4 YIELD AND ULTIMATE LOADS 6 6 6

F95oCS/48
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FIGURE 1. TEST SPECIMEN GEOMETRY.
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TENSION FAILURE
THROUGH NET SECTION

CLEAVAGE-TENSION FAILURE

SHEAROUT FAILURE

BEARING FAILURE

FIGURE 7.
F95-CS/45

TYPICAL FAILURE MODES FOR DOUBLE SHEAR PIN BEARING.
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PIN-BEARING LOAD-DISPLACEMENT RESPONSE FOR SPECIMEN WPBR-08.
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FIGURE 13.
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